Abstract. There is great recent interest in the study of bound states of charmed hadrons with atomic nuclei. The studies rely on effective interactions expressed through couplings between charmed and light-flavored hadrons whose values are fixed using SU(4) flavor symmetry. In the present communication we present results of recent studies examining the accuracy of SU(4)-flavor symmetry relations between hadron-hadron couplings with particular interest in the couplings of charmed D mesons to light mesons and nucleons. We discuss results obtained from a 3 P 0 quark-pair creation model and from a framework based on Dyson-Schwinger equations in QCD that incorporates a consistent, direct and simultaneous description of light-and heavy-quarks. We focus on the three-meson couplings , KK, and DD and meson-baryon-brayon couplings NN, K s N , and D c N . While the 3 P 0 model predicts that the SU(4) breaking is at most 40% in the charm sector, the relativistic Dyson-Schwinger framework predicts a breaking 10 times bigger. Consequences of these findings for the predictions of DN cross sections, formation of bound states of D-mesons and J / , and the formation of charmed hypernuclei are discussed.
Charm in matter and the DN interaction
The study of the interaction of heavy-flavored hadrons with matter is of interest in different contexts. One instance of interest is related to the exciting perspective of creating new exotic nuclear bound states. Examples are J / and c forming bound states with a nucleus [1] [2] [3] [4] [5] , charmed hypernuclei [6] , and charmed heavy-light D and D * mesons [7] [8] [9] -for a recent review, see Ref. [10] . A pre-requisite for reliable predictions of properties of charmed hadrons in matter is the understanding of their interactions with nucleons and other light mesons in free space. A particularly critical issue in the study of such exotic nuclear states is the DN interaction. There is no direct experimental information available for this interaction and, for the time being, one has to rely on models constrained by symmetry, analogies with other similar processes, and the use of different degrees of freedom [11] [12] [13] [14] [15] [16] [17] .
Effective Lagrangians based on SU(4)-flavor symmetry are widely used in the study of the interactions of charmed hadrons with matter. In the particular case of the exotic J / nuclear bound state [2] [3] [4] [5] , the J / meson interacts with the bound nucleons via virtual D and D * loops -see Fig. 1 . In the absence of direct experimental information, the common strategy to obtain couplings like g DD and g N c D is to use the SU(4) symmetry identities:
where g and g NN are well constrained experimentally. Since flavor symmetry is badly broken by the quarks masses at the level of the QCD Lagrangian, m u m s m c , an important issue is to what extent the breaking affects hadron-hadron couplings. The couplings are determined by transition matrix elements involving three hadron states. In terms of quark-gluon degrees of freedom, the matrix elements depend on the wave functions of the hadrons involved in the transition and as such depend on the quark masses. We start with the study conducted in the context of a 3 P 0 quark-pair creation model with hadron wave functions obtained from a nonrelativistic quark model (NRQM) [18] . The results obtained with the 3 P 0 model are then contrasted with those obtained in a framework using Dyson-Schwinger (DSE) equations, in which all elements are constrained by studies of QCD phenomenology, incorporating a consistent, direct and simultaneous description of light-and heavy-quarks [19] .
Hadron couplings in the 3 P 0 and DSE frameworks
The matrix element of the hadronic transition A → B + C in the 3 P 0 model, defined in terms of paircreation Hamiltonian H, can be written as [18] 
where q = P B − P C is the relative momentum between the final hadrons (the initial hadron is at rest), F (q 2 ) is a form factor describing the overlap of the three hadrons in the decay process, and Y 11 (q) is a spherical harmonic function -only the Y 11 appears in the couplings discussed here. For the couplings in Eq. (1), hadrons A and C are the same.
To calculate the matrix element, one needs the wave functions of the hadrons calculated from the quark model Hamiltonian. We obtain the hadron wave functions using the quark model Hamiltonian and corresponding parameters of Ref. [20] . The wave functions of the mesons and baryons are found by diagonalizing the Hamiltonian in a finite basis of Gaussian wave functions with a common variational parameter; details will be presented elsewhere [18] .
In the framework of the DSEs, the basic imputs are the propagators of the quarks and the BetheSalpeter amplitudes of the mesons -we have not calculated baryon couplings within this framework. Since the approach is fully covariant, the transition form factor F ABC is a function of the (Euclidean) four momentum q 2 , instead of the three-momentum |q| 2 as in the 3 P 0 model, Eq. (2). The calculation
of F ABC (q 2 ) involves several interconnected steps [19] : (1) solution of the Dyson-Schwinger equation for the propagators of the light and heavy quarks; (2) with the the derived quark propagators, the meson bound-state amplitudes are obtained from solving Bethe-Salpeter equations -they are normalized such that the experimental values of masses and electroweak decays constants of the mesons are correctly reproduced; and, (3) the matrix element is obtained by evaluating a triangle graph involving the quark propagators and the Bethe-Salpeter amplitudes. Physically motivated and controlled approximations in some of the steps above were implemented, all tested in several previous studies using this approachdiscussion of the approximations and references to relevant work are given in Ref. [19] .
Numerical results
The parameters entering the quark-model Hamiltonian are standard [20] . We have obtained the masses and wave-functions of , , K, D, N , , and c ; stable results are obtained with eleven basis Gaussian functions. The experimental masses for the mesons and light and strange baryons are well reproduced, and those for the charmed baryons are reproduced within 10%. Once the hadron wave-functions are obtained, the matrix element in Eq. (2) can be readily calculated. Within the DSE framework, the numerical results for g P P V (q 2 ) on the domain q 2 = {−m 2 , +m 2 } can be fitted by the formula Table 1 . Table 1 . Ratios of coupling constants relevant for the DN interaction. The P P are evaluated at the pole: The results indicate a small violation of the SU(4) identities when going from the light-flavor u, d sector to the strange s sector: the violation is of the order of 1 − 2% in g P P in both 3 P 0 and DSE approaches, and of the order of 10% in the baryon sector. The situation is very different when one moves to the charm sector. In the 3 P 0 approach, the violation in g P P is of the order of 10%, and in the baryon sector it can reach 40%. In the DSE approach, the violation in g P P is very large, of the order of 400%. An interesting feature here is that the trend of breaking is different in both approaches; while in the 3 P 0 model the breaking is in the direction of given a smaller coupling for the charmed mesons, the DSE approach predicts that these couplings increase.
Summary and perspectives
At first sight, such large violations of SU(4) symmetry could indicate dramatic consequences for the DN interactions and also the phenomenology of exotic charmed nuclei. However, as remarked in Ref. [19] , the form factors encountered here are much softer as those used in meson exchange models, e.g. in Refs. [11, 12] , so that the product of a large coupling and a soft form factor leads to an inflatedDN cross-section by a factor of 5 only.
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Future work intends to clarify the reasons for the discrepancy of the predictions of the two approaches discussed here. The consideration of charmed hypernuclei [6] , where c and c baryons are implanted in a nucleus, is an interesting new direction that can be explored experimentally at FAIR in Germany and JPARC in Japan. In addition to strong couplings like the ones discussed here, weak decay constants will be required to describe nonmesonic decay of such nuclei [21] . A nonmesonic decay is a unique signature of the formation of a charmed hypernucleus, as it can only happen because the c or c interact with nucleons in a nucleus. The interaction of D mesons with nucleons is another important ingredient in these decays.
